Introduction
Prediabetes is a reversible condition in which plasma glucose levels are higher than normal but below levels diagnostic of type 2 diabetes (American Medical Association and Centers for Disease Control and Prevention [CDC] 2015). Prediabetes is associated with an increased risk of cardiovascular disease, coronary heart disease, stroke, and all-cause mortality (Huang et al. 2016) . If prediabetes is left untreated, 15% to 30% of people with it progress to type 2 diabetes within 5 y (American Medical Association and CDC 2015) . Type 2 diabetes is a major contributor to morbidity, mortality, and health care costs (CDC 2017b) . It is the leading cause of kidney failure, lower limb amputations, and adult-onset blindness, and it significantly increases the risk of heart attack and stroke (CDC 2016a) . The costs associated with diabetes in 2017 were an estimated $327 billion per year, accounting for >1 in 4 health care dollars spent in the United States (American Diabetes Association 2018d). Diabetes is also relevant to oral health. Periodontal disease and diabetes are common conditions, and the American Diabetes Association (2018b) reports greater periodontal disease severity and prevalence among people with diabetes. The association between the diseases appears to include bidirectional exacerbation (Chapple et al. 2013) .
Diabetes frequently remains unrecognized and undiagnosed until complications appear. In the United States as of 2015, 88.4% of people with prediabetes and 23.8% of people with diabetes are unaware of their increased risk of diabetes and diabetes-related complications (CDC 2017b) . Prediabetes risk assessment, commonly referred to as screening, is one strategy to address this. Screening evaluates people with no overt symptoms of diabetes for factors that increase their risk of developing diabetes, such as age, family history of diabetes, and physical inactivity. For those with prediabetes, awareness of diabetes risk enables them to engage in activities to reduce their risk of developing diabetes; there are robust data demonstrating that behavioral intervention alone or the combination of behavioral and pharmacologic intervention can prevent or delay the development of diabetes (Knowler et al. 2002; Herman et al. 2005; Aroda et al. 2017 ). For individuals with diabetes, screening is a first step toward obtaining a diagnosis of diabetes, which is requisite to engaging in treatment that can postpone or even prevent diabetesassociated micro-and macrovascular complications. An estimated 75% of people with diabetes receive a "late diagnosis," meaning that within 6 mo of diagnosis, they have at least 1 diabetesrelated comorbidity or complication (Roche and Wang 2014) . Increased participation in screening has the potential to result in earlier detection, thus preventing or delaying progression of diabetes and its complications (Herman, Ye, et al. 2015; Feldman et al. 2017) .
The American Diabetes Association (2018a) and the American Medical Association and the CDC (2015) recommended screening adults for prediabetes and type 2 diabetes with a short risk factor assessment. The CDC suggested that the dental office may be a useful setting in which to identify individuals with undiagnosed prediabetes or diabetes (CDC 2014) , and the American Diabetes Association (2017) indicated that further research was needed demonstrating the feasibility of screening in a dental care setting. When surveyed, dentists (Greenberg et al. 2010) , dental hygienists (Greenberg et al. 2017) , physicians (Greenberg et al. 2015) , and dental patients (Greenberg et al. 2012) agreed that screening was acceptable in a dental setting. This study was conducted to estimate the size and demographics of the population that might be identified if prediabetes or diabetes risk factor assessment was routine in the dental care setting.
Methods
The National Health and Nutrition Examination Survey (NHANES) is a stratified multistage probability sample of the civilian noninstitutionalized population of the United States. During the survey period, participants were interviewed at home and then received a standardized physical examination of objective measures in a mobile center (US Department of Health and Human Services 2018). For the present data analysis, we used the most recently available public use data files (2013 to 2014 and 2015 to 2016) . We restricted the sample to those ≥20 y whose hemoglobin A1C was measured. Pregnant participants were excluded due to universal screening for gestational diabetes and because pregnancy affects glucose measurements.
Self-reported survey data included age, sex, race, ethnicity, and frequency and type of health care encounters. The race/ethnicity categories were nonHispanic White, non-Hispanic Black, Mexican American, other Hispanic, nonHispanic Asian, and other race. Bivariate analyses of Mexican American and other Hispanic groups were conducted with all independent and dependent variables in this analysis. These groups were statistically similar in every comparison except the proportion who had seen a health care worker in the last year but did not have a dental visit (48.5% for Mexican Americans vs. 38.1% for other Hispanics, chi-square P < 0.0001). Therefore, Mexican Americans and other Hispanics were combined to form a single group termed "Hispanics," allowing for sufficient numbers to calculate reliable variance estimates. Health care utilization patterns were based on any self-report of dental or health care use in the last 12 mo. Individuals who reported having been told by a doctor or health professional that they had prediabetes or diabetes were categorized as having had a diagnosis of prediabetes or diabetes, respectively. Those who reported doing no moderate or vigorous physical activity during a typical week were categorized as getting little to no exercise in a typical day. Adults were classified as meeting the US Department of Health and Human Services' (2008) physical activity guidelines if they reported participating in at least 150 min of moderate/vigorousintensity or 75 min of vigorous-intensity physical activity per week at work and leisure.
The clinical examination data included height, weight, and hemoglobin A1C. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. BMI was interpreted with the standard categories of normal (18.5 to 24.9), overweight (25 to 29.9), and obese (≥30.0; CDC 2017a). The American Diabetes Association's (2017) criteria were used for prediabetes (hemoglobin A1C, 5.7% to 6.4% [39 to 46 mmol/mol]) and diabetes (hemoglobin A1C ≥6.5% [48 mmol/mol]). Those who did not report having been diagnosed with prediabetes or diabetes but who had elevated A1C levels were considered to have unknown prediabetes or unknown potential diabetes.
Survey and examination data were used to calculate a risk score for each individual in the sample, on the basis of the CDC Prediabetes Screening Test (CDC 2016b), which has 74% sensitivity and 54% specificity for undiagnosed prediabetes and diabetes (Poltavskiy et al. 2016) . The CDC Prediabetes Screening Test consists of 7 questions, answered as yes or no. Points are assigned for each yes answer, then totaled for a score ranging from 0 to 18. Those taking the test are assigned 9 points for being ≥65 y old, 5 points for being 45 to 64 y old, and 5 points for <65 y old and getting little to no exercise on a typical day. Five points are assigned for those with BMI >27. One point each is assigned to having had a baby weighing >9 lb at birth, having a sibling with diabetes, or having a parent with diabetes. Scoring ≥9 signifies high risk for prediabetes. Although the NHANES data set contained information on age, BMI, and physical activity, responses to questions about family history of diabetes or baby weight were available only for individuals who had indicated that they felt as though they were at risk for diabetes (n = 2,659, 25.4%). Since the missing data could add at most a maximum of 3 points to a respondent's score, missing information on baby weight or family history of diabetes did not affect whether a respondent was classified as above or below the prediabetes risk threshold.
All statistical analyses were conducted in SAS 9.4 (SAS Institute), with NHANES examination subsample weights for 4-year nationally representative estimates. Taylor series linearization to estimate variance and Rao-Scott chisquare tests to determine whether there was a significant relationship among categorical variables were used to adjust for the complex survey design. Single and multivariate logistic regression models calculated the odds of unknown prediabetes or potential diabetes among dental patients. All variables in the bivariate analyses were initially included in the models; independent variables that were nonsignificant in crude models were not included in the final regression models.
Results
The NHANES cycles from 2013 to 2014 and 2015 to 2016 included 11,553 adults aged ≥20 y. The 200 pregnant participants and 881 participants without hemoglobin A1C test results were excluded ( Fig.) . The group without hemoglobin A1C test results had a significantly smaller proportion of male respondents (48.1% missing A1C results vs 48.7% not missing, P = 0.03), older adults (54.2% aged 20 to 44 y without A1C vs. 44.0% with A1C, P = 0.001), and non-Hispanic Whites (51.1% without A1C vs. 65.5% with A1C, P < 0.0001). The remaining 10,472 participants served as the study population, and their demographics and diabetes-related characteristics are described in Table 1 . Based on A1C results, the prevalences of undiagnosed prediabetes and diabetes were, respectively, 17.31% and 1.64% of the sample. Those with undiagnosed prediabetes or diabetes included significantly higher proportions of older adults, overweight or obese adults, and non-White adults, as compared with those having normal A1C levels. The majority of adults in the survey (78.17%) did not meet the physical activity guidelines for moderate and vigorous activity per week. Among those with unrecognized prediabetes or diabetes, the proportion of individuals not meeting levels of physical activity sufficient for moderate or vigorous activity (82.23%) was significantly higher than that among those having normal A1C levels (76.22%; P = 0.0004). As predicted, significantly more of those with unrecognized prediabetes and diabetes (73.45% and 82.40%, respectively) scored as being at risk for prediabetes on the CDC Prediabetes Screening Test as compared with those having normal A1C levels (42.32%; P < 0.0001).
From 2013 to 2016, 59.98% of participants saw a dentist in the past 12 mo. An estimated 7.73% of these people did not see or talk to any other doctor or health care professional in that time ( Fig.) . This subpopulation of patients differed significantly from those who had both a medical visit and a dental visit (Table 2) . It was composed of a higher proportion of men and non-Hispanic Black, Hispanic, or non-Hispanic Asian adults; it was also comparatively younger. The subpopulation of adults who saw a dentist but not another medical provider in the last 12 mo had a significantly lower proportion of overweight or obese adults (64.97% vs. 71.35%, P < 0.0001) and a higher proportion that met the CDC's guidelines for moderate or intense physical activity per week (26.62% vs. 23.73%, P < 0.0001). People who saw a health or dental professional in the last year were more likely to have some kind of health insurance or health care plan than those who did not (93.36% vs. 50.40%, P < 0.0001).
Although those seeing a dentist were comparatively younger and less likely to be overweight than those who had seen a medical professional in the last year, they were not free from risk factors for diabetes. Based on the information available from NHANES, 55.73% of adults who had seen a dentist in the previous year had a score on the CDC Prediabetes Screening Test sufficient to warrant referral to a medical provider for a definitive diagnosis of diabetes.
Based on the hemoglobin A1C results in NHANES for all those who had seen a dentist in the previous year (as an estimate of their glycemic status from 2013 to 2016), an estimated 18.24% would have been defined as having unknown prediabetes and diabetes. For the smaller group for whom a dental provider was the only point of contact with the health care system, 31.27% would have had a score on the CDC Prediabetes Screening Test indicative of prediabetes (Table 2 ). Based on hemoglobin A1C, 15.83% of this subset had undiagnosed prediabetes or diabetes. Table 3 displays the crude and adjusted odds ratios (ORs) of the characteristics for those who had a dental visit but were unaware of their elevated A1C. The factors known to be associated with an increased risk of diabetes in the general population were also associated with an increased risk of undiagnosed prediabetes or diabetes in this subpopulation. Thus, after adjusting for sex, race/ethnicity, BMI, and physical activity level, increasing age was associated with significantly increased odds of unrecognized prediabetes or diabetes (Table 3) . As compared with those aged 20 to 44 y, those aged 45 to 64 y had significantly greater odds (adjusted OR: 3.37, 95% CI: 1.91 to 5.93) of potentially having diabetes but being unaware of it, and those aged ≥65 y had even higher odds (adjusted OR: 4.26, 95% CI: 2.59 to 7.00). Similarly, elevated BMI was associated with significantly increased odds of potentially having diabetes, with overweight adults having 2.28 the odds (95% CI: 1.24 to 4.20) and obese adults 8.44 the odds (95% CI: 4.96 to 14.36) as compared with those having normal BMI. When compared with nonHispanic White adults, non-Hispanic Black, Hispanic, and non-Hispanic Asian adults and those of other races and ethnicities had higher odds of potentially unrecognized prediabetes or diabetes. Insufficient weekly physical activity was associated with significantly higher odds of undiagnosed prediabetes (OR: 1.33, 95% CI: 1.07 to 1.67) and undiagnosed diabetes (OR: 1.77, 95% CI: 1.03 to 3.04), but the odds reduced to statistical nonsignificance after adjusting for sex, age group, race/ethnicity, and BMI.
Discussion
Using the data from this analysis to extrapolate to the US population, we estimate that among the 10.23 million individuals who had a routine dental visit but no medical visit in the last year, 1.61 million adults were unaware that they were at risk for prediabetes or diabetes. For these individuals, given the absence of a medical provider visit, their routine dental visit represents a unique health care encounter during which to screen for prediabetes or diabetes risk. Our results are consistent with those reported for a similar analysis conducted with data from the New York City Community Health Survey (Myers-Wright et al. 2018) or previous NHANES cycles (Borrell et al. 2007 ).
In addition, these results indicate that 20.75 million individuals nationwide had both a dental visit and a medical visit in the last year and were unaware of their prediabetes or diabetes risk. Although for these people the dental visit was not the only opportunity to raise awareness about their risk, the dental visit does represent an opportunity to 1) reinforce a message that they had failed to hear or 2) raise their awareness about something not discussed during their medical visit. In both circumstances, screening for prediabetes or diabetes risk in the dental care setting has the potential to increase individual awareness about diabetes risk. Doing so can better enable engagement in the lifestyle change to reduce the likelihood of developing periodontal disease, diabetes, or other conditions (Feldman et al. 2017) .
Patients complete or update their medical history forms while waiting to be seen by dental health professionals. Prediabetes or diabetes risk screening could be added with a printed or online version of the current 7-item assessment, available through organizations such as the American Diabetes Association, CDC, and the American Medical Association. Such screening tools are designed to be simple and noninvasive, and they can be self-administered by patients (Poltavskiy et al. 2016) . Similar prediabetes risk assessments were successfully conducted in dental settings (Lalla et al. 2011; Herman, Taylor, et al. 2015) .
There are alternative methods to identify those at high risk of prediabetes or diabetes. A recent study conducted in the setting of a Federally Qualified Health Center, with a fully integrated dental and medical electronic health record database, presented a model for predicting dysglycemia that incorporated data on patient demographics, clinical examination, and dental examination and correctly identified 70% of the dental patients with undiagnosed prediabetes or diabetes (Acharya et al. 2018) . Although this is promising, the majority of current dental practices do not have access to patient medical electronic health records. Until such time that they do, having patients complete a short risk assessment screening test has the potential to increase patients' awareness of their potential prediabetes risk.
Based on this analysis, for every 10 patients aged ≥20 y who had their risk assessed in a dental setting in the United States, 2 might have had prediabetes or diabetes that had not yet been diagnosed. For patients scoring in the high-risk range of prediabetes or diabetes on a risk assessment screening test, dental personnel can 1) recommend that they seek out testing and care from a physician and 2) provide them with materials about prediabetes and diabetes from reliable sources, such as the American Diabetes Association (2018c) and CDC (2016c). The value of alerting dental patients about their prediabetes or diabetes risk is that it leads to physician follow-up (Genco et al. 2014) , positive lifestyle changes, and reduction in A1C (Lalla et al. 2015) .
This analysis is subject to limitations. NHANES is collected at a single point in time, which limits its ability to prove temporal relationships or causality. The classification of prediabetes or diabetes diagnosis and health care utilization was based on survey data, which are subject to social desirability and recall bias. Furthermore, a single measure of A1C was used to identify potential undiagnosed diabetes, which may have misclassified the glycemic status of some participants in the NHANES data set. The American Diabetes Association (2018a) recommended either clinical symptoms or a second confirmatory blood-based test for diagnosis confirmation.
This analysis does, however, demonstrate the potential benefit of incorporating prediabetes screening into the dental care visit to identify individuals at high risk of prediabetes or diabetes and refer them to medical care. This does not represent a circumstance where dentists would make medical diagnoses or provide treatment for diabetes but rather refer at-risk individuals for follow-up with medical providers for diagnosis and care.
Conclusion
This analysis supports that not all adults are aware of their risk of prediabetes or diabetes. Screening for prediabetes or diabetes risk factors during dental visits has the potential to raise patients' awareness of their risk. In addition, for some dental patients, the dental visit may be their only point of contact with the health care system. For all patients whom a dentist sees, there is an opportunity to raise awareness about an important health risk and contribute to their overall well-being.
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